Introduction {#sec1-1}
============

Neutropenic enterocolitis (NE) or typhilitis (from the Greek word *Typhlon* meaning cecum) is one of the serious complications of neutropenia characterized by segmental ulceration and inflammation with necrosis of ileum, caecum and ascending colon which may progress to perforation and septicemia\[[@ref1]--[@ref4]\]. NE has evolved from a complication of patients with leukemia\[[@ref5]--[@ref16]\] to a disease of patients who are neutropenic following high dose chemotherapy for many malignancies including hematological and solid tumors\[[@ref17]--[@ref20]\]. Neutropenia could also be associated with multiple myeloma, medications induced neutropenia, cyclical neutropenia, agranulocytosis, HIV disease and immunosuppression post transplant patients\[[@ref21]--[@ref26]\]. Risk factors include neutroapenia (absolute neutrophil count \<500/mm^3^) associated with sepsis and is characterized by temperature greater than 38.5 along with right sided abdominal pain\[[@ref1]--[@ref4][@ref25]--[@ref32]\]. It may be confused with appendicitis, intussussception or intestinal obstruction or other gastrointestinal complications related to chemotherapy\[[@ref2][@ref5][@ref6][@ref24][@ref25]\]. Computerized tomography and ultrasonography are useful adjuncts in diagnosing NE. Timely conservative treatment frequently allows resolution of NE without operation. Surgical intervention is however recommended in presence of bleeding, perforation or deterioration\[[@ref1]--[@ref4][@ref12][@ref14][@ref23]--[@ref25][@ref28][@ref29]\].

Incidence {#sec1-2}
=========

The reported incidence in the literature of NE vary considerably from 0.8% to 26% in patients receiving intensive chemotherapy for leukemia or solid tumors\[[@ref1]--[@ref32]\]. However in a report of systematic analysis of 21 studies the incidence reported was 5.3% (266/5058 cases) in patients hospitalized for hematological malignancies for high dose chemotherapy\[[@ref3]\]. It is possible that the incidence of NE is increasing in incidence\[[@ref4][@ref25]\]. A major reason is the greater use of multiagent aggressive therapeutic regimen for the treatment of neoplastic disease and the consequent neutropenia that may occur following such treatment\[[@ref1]--[@ref32]\]. While the majority of the cases occur in patients with acute leukemia and other hematological malignancies who undergo treatment with antineoplastic chemotherapy rarely it has been reported following chemotherapy for malignancies of the colon, breast, lung, testis, pancreas and bone\[[@ref1]--[@ref4][@ref16]--[@ref19][@ref24][@ref29][@ref31][@ref33]\]. Despite the condition being increasingly recognized and reported the etiology, pathogenesis and optimal clinical management of NE remains unclear.

Pathogenesis {#sec1-3}
============

NE is thought to be caused by damage to the gastrointestinal mucosa or immunosuppression\[[@ref1]--[@ref20][@ref23]--[@ref25][@ref28]\]. Irrespective of the initial etiological factors the pathologic process appears to have a predisposition for the terminal ileum, appendix and cecum\[[@ref23]--[@ref25]\]. It may occur only in the cecum, in the cecum and ileum; in the cecum, ileum and ascending colon or in the cecum with occasional ulcers throughout the intestine \[Figs. [1](#F1){ref-type="fig"} & [2](#F2){ref-type="fig"}\]. Immunohistochemical studies of the gut in patients with leukemia have demonstrated infiltration of the mucosa by leukemic and lymphoproliferative cells\[[@ref34]\]. These deposits are more likely to result in ulceration following chemotherapy. By contrast metastasis from solid tumors are more likely to involve the serosal surface and may explain the relative rarity of the condition in solid tumors treated with antineoplastic chemotherapy\[[@ref4]\]. The gastrointestinal mucosa are a subset of highly proliferative cells. Cytotoxic chemotherapy inhibits cellular replication and the mucosal proliferation may be insufficient to replace that which is lost by natural desquamation and so mucosal integrity may be lost. Other contributing factors include local bacterial or fungal infection with mucosal injury and necrosis of mural leukemic infiltrate\[[@ref1][@ref2][@ref7]\]. Mucosal ischemia from sepsis induced hypotension may all contribute to initiating mucosal injury\[[@ref1]--[@ref4][@ref22]--[@ref25]\]. Agents most commonly associated with neutropenic enterocolitis include cytosine arabinoside (79%), etoposide (62%) and daunomycin (46%)\[[@ref25][@ref35]\]. Other implicated agents include doxorubicin, methotrexate, vincristine, nedaplatin, irinotecan, taxane based chemotherapeutic agents and prednisone\[[@ref16]--[@ref19][@ref23]--[@ref25][@ref35]--[@ref37]\].

![Coronal CT scan image. A coronal CT scan image of a patient with neutropenic enterocolitis 10 days following chemotherapy for breast cancer. The cecum and ileum is grossly thickened with obliteration of the lumen.](NAJMS-2-293-g001){#F1}

![CT scan cross section. Contrast enhanced CT scan of the same patient showing thickened cecal wall with air luscencies consistent with pneumatosis intestinalis (arrows).](NAJMS-2-293-g002){#F2}

It is not entirely clear why cecal mucosa is predisposed to NE. However, the cecum appears to be at increased risk to develop NE because of its relatively decreased vascularity, increased stasis, tendency to be more distended than other regions of the colon and increased concentration of lymphatic tissue\[[@ref4][@ref23][@ref25]\]. Typhilitis is thought to result from a combination of factors including neutropenia, chemotherapy or radiotherapy induced destruction of normal mucosa along with intramural hemorrhage caused by severe thrombocytopaenia\[[@ref25][@ref36][@ref37]\]. Further the change in normal gastrointestinal flora caused by antibiotics and antifungal agents and colonization by certain flora contributes to the inflammatory process\[[@ref23][@ref25][@ref36]\]. Certain chemotherapy regimen or medical conditions predispose the gastrointestinal tract to bacterial invasion either from the direct toxic effects of the agent(mucositis) or from agents causing distension and necrosis\[[@ref1]--[@ref4][@ref23]--[@ref25]\]. Neutropenia and steroids complicate the situation by reducing host defenses against infection\[[@ref1][@ref2][@ref6][@ref16][@ref22][@ref28]\]. Transmural necrosis and perforation may then develop in the presence of neutropenia. Several microbes have been found in affected patients including clostridium species, Pseudomonas species, Escherichia Coli, Klebsiella pneumoniae, Enterobacter species, Morganella Morganii, Stapylococcus aureus, Streptococcus viridians and Candida species\[[@ref1]--[@ref4][@ref7][@ref23]--[@ref30][@ref36]--[@ref39]\]. In some series 80% of those with positive cultures revealed gram negative rods and gram positive cocci\[[@ref23][@ref25][@ref36][@ref27][@ref39]\]. Of the Clostridium species, C septicum has been found to be the most common organism; when found the resultant fulminant enterocolitis often leads to death\[[@ref23][@ref25][@ref39]\]. The pooled frequency of fungal neutropenic enterocolitis is reported to be 6.2% (calculated from 860 reported patients); Candida species was isolated in 94% of these patients and the pooled mortality rate in them was 81.8%\[[@ref38]\].

Clinical Presentation {#sec1-4}
=====================

The symptoms are non specific and include nausea, vomiting, abdominal discomfort and distension and diarrhea which may be bloody\[[@ref1]--[@ref32]\]. Invariably the episode will follow a course of antineoplastic chemotherapy and occur during a period of neutropenia classically beginning 7-10 days after treatment\[[@ref4][@ref16][@ref19]\]. Pyrexia is seen in 90% of neutropenic patients in hospital and is nonspecific sign; however the combination of abdominal pain, pyrexia associated with right iliac fossa tenderness is seen in 60-80% of patients and may be more relevant in diagnosing NE\[[@ref1][@ref3][@ref4][@ref7][@ref16][@ref19][@ref39]\]. In the later stages this may lead to localized peritonitis which may progress to generalized peritonitis. A right iliac fossa mass if felt represents a thickened dilated fluid filled cecum. The mass could also be a consequence of ileocaecal inflammatory mass or a localized collection around a perforated cecum or appendix. However even in the presence of severe sepsis, physical finding may be minimal and indeed rapid progression to fulminant septicaemia may precede the development of these abdominal signs. This aggressive presentation of the disease is usually rapidly fatal\[[@ref24][@ref26][@ref29][@ref36]--[@ref39]\].

Diagnosis {#sec1-5}
=========

NE continues to be a diagnostic challenge despite our increasing awareness of its occurrence in high risk groups. The occurrence of abdominal symptoms in the presence of progressive neutropenia should alert the clinician even in the presence of most minimal physical signs. Other gastrointestinal complications such as mucositis. psuedomemberanous colitis and invasive infection by opportunistic infection are common in patients receiving chemotherapy and may be important differential diagnosis\[[@ref16][@ref19][@ref23][@ref36][@ref39]\]. In addition other conditions that may need to be considered include vincristine induced ileus, L-asparginase induced pancreatitis, drug induced cholestasis and cholecystitis, fungal infection and inflammation associated mesenteric lymphadenitis\[[@ref23][@ref25][@ref39]\]. Patients with neutropenia localize poorly and may manifest sources of intra-abdominal sepsis in an atypical fashion. Hence investigations are required to exclude other causes requiring a different management approach. A full blood count may reveal thrombocytopenia as well as neutropenia. Blood cultures are positive in 28 to 84% of cases, with bowel organisms most frequently being isolated\[[@ref24][@ref28][@ref39]\]. Endoscopic evaluation to rule out other causes of colitis is usually avoided for fear of inducing further hemorrhage or perforation and increasing the risk of bacterial translocation and exacerbating septicaemia as an aftermath of mechanically induced trauma to the mucosa\[[@ref4]\]. If performed, findings would include mucosa which is diffusely friable and hemorrhagic with superficial ulceration associated with loss of haustration and loss of normal vascular pattern\[[@ref19]\]. Peritoneal lavage may be helpful in confirming the diagnosis as gram staining of the recovered peritoneal fluid may reveal polymicrobial contamination\[[@ref40]\].

Radiology {#sec1-6}
=========

Plain films of the abdomen are both nonspecific and insensitive in detection of NE. However findings on plain X-ray may include right lower quadrant soft tissue density or mass, a fluid filled cecum with dilated small bowel and minimal or no large bowel gas and an associated ileus\[[@ref4][@ref25][@ref36][@ref39]\] Localized or diffuse thumb printing characteristic of mucosal edema may be noted and in patients with enteric perforation intraperitoneal free gas may be present\[[@ref2][@ref4][@ref24][@ref39]\]. Pneumatosis intestinalis of the cecum and ascending colon may be observed\[[@ref4][@ref22][@ref23][@ref41]\]. CT imaging and ultrasonography are more sensitive and specific than plain radiography or barium enema\[[@ref42]--[@ref48]\]. Findings in both US and CT include right lower quadrant inflammatory mass and pericecal fluid or inflammatory changes in the pericecal soft tissue including fat stranding along with gross thickening of ileal and cecal wall with intraluminal narrowing (Figures [1](#F1){ref-type="fig"} & [2](#F2){ref-type="fig"}). US findings consistent with a diagnosis of NE are a rounded mass with dense central echoes and a wider hypoechoic periphery. US may also demonstrate psuedopolypoid changes of the cecal mucosa and pericolic fluid collection. It has been reported that it may be used to monitor the daily progression of the process and predict the outcome\[[@ref42]--[@ref45]\]. The symptoms of the patients with mural thickening were longer in duration (7.9 vs. 3.8 days) than those without mural thickness and their mortality rate was higher. Patient with bowel wall thickness greater than 10mm were found to have a higher mortality rate (60%) than those bowel walls that were less than 10mm (4.2%)\[[@ref44]\]. CT imaging is often done for further evaluation of changes seen in US but it may be used as a first line study in neutropenic patient presenting with abdominal pain. CT scan may be more useful in determining the cecal wall thickness (Figs. [1](#F1){ref-type="fig"} & [2](#F2){ref-type="fig"}). Angiography when performed in patients with NE who are bleeding demonstrates hypervascularity of the cecum, intense mucosal staining, arteriovenous shunting into mesenteric veins and opacification of superficial mucosal ulcers\[[@ref48]\]. Barium studies were performed in earlier series and in the presence of NE may demonstrate cecal distension or rigidity and mucosal edema\[[@ref49]\]. They are now avoided because of the theoretical risk of enteric perforation; moreover, they provide little additional information over that available on US or CT scan\[[@ref4]\].

Following a systemic analysis of 21 studies of patients with NE, Gorschluter et al\[[@ref3]\] proposed the following diagnostic criteria for NE. 1) presence of fever (axillary temperature \>38^°^C or rectal temp \>38.5^°^C; 2) abdominal pain(at least degree 3 determined by the patient using visual analogues scale pain score ranging from degree 1 to 10; 3)demonstration of bowel wall thickening of more than 4mm (transversal scan) over more than 30mm (longitudinal scan) in any segment by US or CT scan.

Histopathology {#sec1-7}
==============

Histopathological confirmation of the diagnosis is not feasible in most of the patients unless the patient has undergone surgical resection. Gross appearance of the resected pathological lesion reveals the bowel to be dilated, edematous and often hemorrhagic\[[@ref1][@ref23][@ref25]\]. The cecal wall is thickened with diffuse loss of mucosa, hemorrhage and necrotic surface (Figs. [3](#F3){ref-type="fig"} & [4](#F4){ref-type="fig"}). Varying amounts of mucosal & submucosal necrosis, hemorrhage and ulceration may be noted. Microscopic features include loss of mucosa, significant edema of submucosa with deep mural and transmural necrosis\[[@ref16][@ref25]\].

![Right hemicolectomy specimen. Resected specimen showing edematous, dilated ischemic cecum, ileum and ascending colon of a patient with neutropaenic enterocolitis 10 days after chemotherapy for carcinoma of the breast.](NAJMS-2-293-g003){#F3}

![Right hemicolectomy specimen-mucosal surface. Mucosal surface of the resected specimen showing mucosal ischemia, hemorrhage and edema predominately in the cecum and terminal ileum with isolated lesion in the ascending colon.](NAJMS-2-293-g004){#F4}

Management {#sec1-8}
==========

The optimal treatment of patients with NE remains controversial due to paucity of quality studies in the literature. In general terms patients with mild NE, normalization of leukocyte count allows containment of the process and eventual healing. Persistent bacterial invasion of the bowel mucosa, increasing size of the bowel lesion, and possible bowel wall perforation may result in failure of normalization of leukocyte count\[[@ref1][@ref4][@ref25][@ref37][@ref39]\]. Patients treated conservatively have a higher mortality rates when leukocyte count do not return to levels greater than 1000cells/cu mm\[[@ref25]\]. Younger patients tend to do better than older patients\[[@ref50]\]. Conservative treatment is reasonable in patients without peritonitis. Patients receiving conservative treatment require close observation. The general consensus regarding conservative treatment is the use of broad spectrum antibiotics, bowel rest, abdominal decompression and nutritional support\[[@ref2][@ref4][@ref6][@ref9][@ref23][@ref24][@ref25][@ref35][@ref37][@ref39]\].

The recommended antibiotics include monotherapy with carbapenum or piperacillin-tazobactum or duotherapy with another antipsuedomonal b lactum antibiotic in combination with an aminoglycoside or duotherapy with cefepime or ceftazidime plus metronidazole\[[@ref3][@ref51]\]. The use of systemic antimycotics in NE is not well supported by either prospective or high quality retrospective studies. However most clinicians believe that amphotercin B therapy is recommended when the patients remain febrile and profoundly neutropenic for more than 5 days despite administration of broad spectrum antibiotics in adequate doses\[[@ref3][@ref52]\]. Neither prospective or high quality retrospective studies concerning administration of G-CSF (granulocyte colony stimulating factor), omeprazole, bowel rest, total parenteral nutrition (TPN) or nasogastric aspiration in the management of NE is available. The use G-CSF is usually recommended in high risk patients including those with profound neutropenia (absolute count \<100/ml) , uncontrolled primary disease, pneumonia, hypotension, multiorgan dysfunction and invasive fungal infection; however the benefit in these patients have not been proven\[[@ref3][@ref52]\].

Bowel rest and TPN is recommended by many authors\[[@ref1][@ref2][@ref4][@ref6][@ref24]--[@ref26][@ref37][@ref39][@ref57]--[@ref65]\]. While in patients with milder NE responding to conservative treatment, oral nutrition may be considered; those with severe form may require bowel rest and TPN\[[@ref1]--[@ref4][@ref6][@ref9][@ref25][@ref52]--[@ref57]\]. Routine use of omeprazole and nasogastric suction have been questioned by some due to potential risk of migration of gram negative bacteria from the bowel into the respiratory tract facilitated by weakened barrier (lower gastric acid level and incompetent oesophagastric sphincter) and the risk of pneumonia may then be increased\[[@ref3]\]. Omeprazole may be justified in selected circumstances like those with epigastric pain, known gastritis, gastric ulcers or on corticosteroid therapy\[[@ref3]\].

If the patients deteriorate while on conservative therapy then a surgical intervention is warranted\[[@ref2][@ref4][@ref6][@ref7][@ref12][@ref14][@ref23]--[@ref25][@ref32][@ref36]--[@ref39][@ref57][@ref66]--[@ref70]\]. This decision however would follow repeated clinical assessment and frequent radiographic evaluation to document the deterioration. The criteria for surgical intervention would include, 1) persistent gastrointestinal bleeding after resolution of neutropenia and thrombocytopenia and correction of clotting abnormality, 2)evidence of free intraperitoneal perforation, 3) suggestion of uncontrolled sepsis based on requirement for large volumes of fluid or vasopressors and 4) in the absence of neutropenia , development of intra-abdominal process that requires surgical intervention.

Once a decision to operate has been made the question of which procedure to adopt is a source of debate. Most authors agree that right hemicolectomy is the operation of choice\[[@ref4][@ref5][@ref23][@ref28][@ref29][@ref53][@ref54][@ref57]\]. Less extensive surgical intervention such as appendicectomy, caecostomy and limited resection may be inadequate in the management of NE as the extent of mucosal necrosis may often be greater than that which is obvious by inspection of the serosa\[[@ref4][@ref9][@ref12][@ref36][@ref37][@ref39]\]. At operation the surgeons must also decide whether to perform end to end anastomosis or to exteriorize the bowel. While there are reports of successful anastomosis following resection\[[@ref4][@ref5][@ref24][@ref25][@ref50][@ref58][@ref66]\], end ileostomy and mucous fistula is most appropriate in the presence of extensive sepsis, significant peritoneal soiling and hypotension\[[@ref4][@ref24][@ref25][@ref37][@ref39]\] Another area of debate is in the management of those patients who respond to conservative treatment but require additional chemotherapy. Some have recommended elective hemicolectomy given the potential risk of recurrence with subsequent cycles of chemotherapy\[[@ref59][@ref60]\] .Although the incidence of recurrence varies from 12-67% there is sufficient data to warrant genuine concern\[[@ref16][@ref18][@ref59][@ref60]\]. Elective hemicolectomy, prophylactic antibiotics are reasonable methods to prevent recurrence but there are no controlled studies to support these measures\[[@ref25][@ref59][@ref60]\]. Moreover elective surgery may delay subsequent chemotherapy for several weeks. The only documented method to decrease the incidence of recurrence is dose reduction for subsequent cycles of chemotherapy\[[@ref18][@ref25]\].

Outcome and Prognosis {#sec1-9}
=====================

The reported results in the literature review are outlined in [Table 1](#T1){ref-type="table"}. Three hundred and twenty nine cases were reviewed; among these 12 were single case reports, 21 studies comprised of 2 to 4 cases and 15 studies had 5 or more cases. Among these 69% were managed conservatively\[[@ref2][@ref5][@ref6]--[@ref9][@ref13]--[@ref19][@ref21][@ref22][@ref30]--[@ref33][@ref35]--[@ref37][@ref39][@ref44][@ref45][@ref50][@ref61][@ref63]--[@ref65][@ref68]--[@ref70]\] and 31% were subjected to surgical intervention\[[@ref2][@ref5]--[@ref8][@ref10]--[@ref13][@ref16][@ref19][@ref20][@ref23][@ref26][@ref28]--[@ref30][@ref32][@ref35][@ref37][@ref39][@ref44][@ref50][@ref54][@ref55][@ref57][@ref58][@ref60][@ref62]--[@ref66][@ref69]\]. The mortality rate in the patients managed conservatively was 31% in comparison to 23% in those managed surgically. Even though those treated surgically appeared to have better outcome caution must be exercised as the 2 groups are almost certainly not comparable. It is possible that medically treated patients were generally more debilitated to begin with and may have been deemed unfit for surgery. Although earlier surgical intervention may potentially be advantageous in terms of reducing the complication due to perforation or obstruction including death there are no randomized trials or case control studies comparing conservative therapy versus surgical intervention. However randomized controlled study comparing conservative management versus surgical resection may be difficult to perform in terms of patient safety or patient recruitment. Although untreated neutropenic enterocolitis carries a 50% to 100% mortality rate\[[@ref25][@ref36]\] with appropriate medical or surgical management it could be reduced to 23 to 31% ([Table 1](#T1){ref-type="table"}).
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Conclusions {#sec1-10}
===========

Neutropenic enterocolitis remains a major clinical challenge both in terms of diagnosis and management. With increasing use of new, multiple and aggressive chemotherapeutic regimen in treatment of various malignancies it becomes increasingly important to be alert to the life threatening complications of these medications. Fever, abdominal pain and bowel wall thickening in neutropenic patient should alert a clinician. US and CT scan are useful adjuncts for early diagnosis. Resolution of NE is based on the return of neutrophil count to normal, provision of broad spectrum antibiotics and bowel rest. Although conservative therapy is often employed with success, surgical intervention may be required in patients with perforation, bleeding or failure to respond to conservative measures. While the literature review would suggest a better outcome in patients managed surgically this issue could be resolved only by properly conducted randomized controlled trials. Even with appropriate therapy the mortality rate remains significant. High index of clinical suspicion and prompt appropriate treatment is essential to achieve a lower mortality rate.
